Rice is one of the most important crops and a major source of nutrition for about 2.5 billion people around the globe that belongs to Poaceae family. Repeated use of selected rice breeding lines in various breeding programs not only limits the genetic basis but also develop susceptibility to the various abiotic and biotic stresses. In these circumstances, genetic variability of the existing rice germplasm should be maintained for several economical traits by conserving land race genotypes. The present study was taken to understand the genetic variability and relatedness among five cultivars of Oryza sativa viz. Jaya and Uma (improved) and Odachen, Chennellu and Vetteri Black (traditional) cultivated in Kerala using seed protein profiling and morphological characteristics. SDS PAGE of grain protein of five edible rice varieties showed about 50% polymorphism. The UPGMA dendrogram of the protein profile generated revealed two main clusters (traditional and improved) at 61% homology.Thus the variation showed by the improved cultivars may be due to the effect of the selection procedures which made them improved and evolved rice variety. Heat map obtained during the analysis showed a clear picture about the morphological values through a color gradient, where the morphological traits apart from number of grains per panicle were mostly at the lower side for the improved varieties than the traditional varieties.Scatter plot obtained through Principle Cordinate Analysis showed morphological cohesiveness among the improved varieties while all the traditional varieties clustered far apart which shows its genetic distinctness.
Introduction
Rice is one of the most important crops and a major source of nutrition for about 2.5 billion people around the globe that belongs to Poaceae family. The genus Oryza comprises 25 species distributed through the tropical and sub tropical regions of the world. Rice is an excellent crop because it is one of the plants which store and synthesise both main classes of proteins, i.e., glutelins and prolamines in sub cellular compartments (Muench et al., 1998) . Rice crop can potentially thrive and grow successfully in a wide range of agro climatic conditions. Repeated use of selected rice breeding lines in various breeding programs not only limits the genetic basis but also develop susceptibility to the various abiotic and biotic stresses. In these circumstances, genetic variability of the existing rice germplasm should be maintained for several economical traits by conserving land race genotypes and broadening the gene pool of aromatic rice for future breeding programs (Rabbani et al., 2008) .On the other hand, genotyping of different species is also necessary for characterization of different accession of crop germplasm, testing varietal purity and registration of newly developed cultivars (Chowdhury et al., 2002) . Seed storage protein analysis represents a valid alternative and or improved approach to varietal identification (Mennella et al., 1999) . Seed storage protein has been used as genetic markers in four major areas:
1. Analysis of genetic diversity with and between species.
2. Plant domestication in relation to genetic resource conservation and breeding.
3. Genome relationship.
A good tool in crop improvement.
Hence it becomes highly imperative to assess the genetic diversity within and between the rice landraces for varietal improvement, evaluation and modification, using better methods of germplasm evaluation and characterization strategies. It is also required to investigate the present gene pool for selection of diverse parent cultivar and to broaden the germplasm base in the future of rice breeding programs for the sustainable management of the genetic resources of rice crops. The present study was taken to understand the genetic variability and relatedness among five varieties of rice cultivated in Kerala using morphological characteristics and SDS PAGE profiling.
Materials and methods

Plant material
Five cultivars of Oryza sativa L. were obtained from Rajiv Gandhi Centre for Biotechnology, Trivandrum. The study material included 3 traditional varieties and 2 improved varieties are listed in Table 1 . The seeds of five rice cultivars collected from the germplasm collection of RGCB, Trivandrum were stored in the refrigerator. 5-6 seeds were taken from each stock and were soaked in water for 24 h separately. The seeds were rinsed with water thrice, and then they were tied in moist cotton cloth separately and tightly. After 3 days the cloth was removed and the seeds were found to be sprouted. 
Morphological characterization
Pot experiment was conducted for obtaining the morphological data of the 5 rice varieties from March 2015 to July 2015. The seeds were sown in 5 different plastic cups filled with a 2:1 ratio of red earth and manure and the seedlings were allowed to grow for 30 days. After 30 days the seedlings were transplanted into plastic sacks containing red earth and manure. They were stagnated with water. Each variety gave out inflorescence at different intervals. Morphological data sheet of the five rice varieties were created using various parameters which included leaf length, leaf width, culm length, culm number, panicle length, grain length, grain width, flag leaf length, flag leaf width and stem girth.
Morphological data analysis
All computations of the morphological data were carried out using the software ClustVis, a web tool used for visualizing clustering of multivariate data (Metsalu and Vilo 2015).
Protein extraction
Whole seeds were crushed to fine powder and around 0.1 g fine powder then 400 μL of protein extraction buffer (0.2% SDS, 5M Urea, 0.5M TrisHCl (pH 8) and 1% 2 Mercaptoethanol) was added and the crude homogenate was centrifuged at room temperature at 5,000 rpm for 10-12 min. The extracted protein were collected as supernatant and stored at 20°C and pellets were discarded.
Protein quantification
The concentration of extracted protein samples were determined by Biuret method (Gornall et al., 1949) as reported by Boboye and Alao 2008. Corresponding protein concentration in each rice sample was read on the standard protein curve using the OD values.
Protein profiling using SDS PAGE
Protein profiling of extracted samples were analyzed through SDS PAGE using 12% polyacrylamide gel. Electrophoresis was carried out at 100 V for 2 h. A protein marker (PROTEIN MOLECULAR WEIGHT MARKER, MEDOX BIOTECH INDIA PVT.LTD., CHENNAI) was loaded as standard along with samples with equal quantities of protein sample (9 μL). The gels were then stained with Coomassie brilliant blue on an electrical rocker for 10 min. Destaining of gels was carried out using 40% methanol and 7% acetic acid for overnight followed by gel scanning and photography.
Protein data analysis
The data obtained from SDS PAGE were scored for the presence (1) and absence (0) of the bands and genetic distance was calculated based on Nei's genetic distance (Nei, 1978) . Cluster analysis was performed by employing the Unweighted Pair Group Method with Arithmetic Averages (UPGMA) using the SAHN (Sequential, Agglomerative, Hierarchical and Nested cluster) module of the software NTSYSpc2.02 I (Rohlf, 1992) .A cophenetic correlation was estimated using the COPH and MXCOMP procedures of NTSYSpc to test the reliability of the topology of the dendrogram.
Results
Morphological characterization
The five rice cultivars displays a wide variation in all aspects of morphological characteristics, including leaf length, leaf width, culm length, culm number, panicle length, grain length, grain width, flag leaf length, flag leaf width, stem girth. The variability of these characteristics of the five rice cultivars is indicated in Table 2 . 
Morphological data analysis
Scatter plot obtained through Principle Cordinate Analysis is given as Fig.1 . The first two coordinates PC1 (44.8%) and PC2 third (31.2%) obtained by PCA of the five rice cultivars showed 76% of the total variance. Two clusters were observed, I and II of which I consisted of Jaya, Uma and Chennellu and II comprised of Odachen and Vetteri Black. The improved varieties, Jaya and Uma showed cohesiveness in the plot while all the traditional varieties, Odachen, Chennellu and Vetteri Black clustered far apart which shows its genetic distinctness. 
Protein profiling
Protein quantification
The concentration of the extracted protein samples were determined using Biuret method (Table 3) . From the quantification of protein it was revealed that maximum protein of 9.5 mg/mL is present in Jaya, whereas a minimum of 1mg/ml of protein is found in the variety Uma. Vetteri black possessed 6 mg/mL of protein, whereas Odachen and Chennellu contained 3 mg/mL and 2 mg/mL of protein respectively. Table 3 . Protein quantification of the five rice cultivars used in the study.
Name of rice variety
Protein quantity at 540nm (mg/mL) Jaya 9.5 Uma 1
Odachen 3
Chennellu 2
Vetteri black 6
Inference from PAGE gel
In this study the SDS PAGE of grain protein of five edible rice cultivars were carried out to investigate the genetic diversity in protein level (Fig. 2) . The 0-1 matrix prepared based on the presence and absence of bands is given in Table 4 . Out of the six bands scored three were polymorphic and three monomorphic showing about 50% polymorphism. In the initial screening the molecular weight of the six bands obtained ranged from 116 kD to 14.4 kD. Jaya possessed a peptide of molecular weight 116 kD and a peptide was present between 66 kD and 45 kD, which were absent in all other rice varieties. A peptide of molecular weight 29 kD was found missing in the variety Uma alone while all the others possessed it. The traditional varieties Odachen, Chennellu, and Vetteri black possessed similar banding patterns which revealed the 100% homology among the traditional varieties based on the proteins present in them. 
Protein data analysis
The UPGMA dendrogram of the protein profile obtained using hierarchical genetic distance based clustering revealed two main clusters at 61% homology (Fig. 3) .Cluster I contained the genotype of the variety Jaya. Cluster II was further divided into two sub-clusters showing low degree of heterogeneity and close genetic proximity among genotypes. The sub cluster IIa consisted of Uma, which showed slight homology with sub-cluster IIb. The traditional rice genotypes Odachen, Chennellu, and Vetteri black were grouped together into sub-cluster IIb. These genotypes revealed 100% homology with each other. The cophenetic correlation (r) between the genetic distance matrix and its cophenetic distance matrix was 0.996 which shows the robustness of the dendrogram.
Fig.3.
UPGMA dendrogram generated using the data obtained from SDS-PAGE of seed storage proteins.
Discussion
It is generally agreed that the morphological characterization in combination with molecular marker assay, linked with rigorous statistical analysis would be the most appropriate tool for the characterization, classification and management of plant genetic diversity, particularly at the intraspecific level (Phippen et al., 1997).
Morphological characterization of the five rice cultivars
Our 
Seed protein profiling
In our result obtained most of the accessions showed greater similarity rather than dissimilarity among the major band patterns, variations in number of bands and band intensity. Out of the six bands obtained two were unique for the improved cultivar, Jaya and one was absent for Uma, while the traditional cultivars showed no difference between their banding patterns. Robinson and Megarrity (1975) reported that seed proteins are mainly storage proteins and are not likely to be changed in dry mature seeds of different age. This phenomenon is confirmed by Ferguson and Grabe (1986) studying rye grass. However, the composition of seed proteins is affected slightly by environmental conditions and seasonal fluctuations (Lee and Legvold 1967) . Moreover it has been reported that uniformity and uniqueness of seed protein profile are typical for many groups of plants and to find variation in the number of bands and their position in the profile frequently requires analyzing a large number of accessions (Chen et al., 1987) . Thus the variation showed by the improved cultivars may be due to the effect of the selection procedures which made them improved and evolved rice variety.
Conclusion
Rice is one of the most important crops and a major source of nutrition for about 2.5 billion people around the globe that belongs to Poaceae family. It is required to investigate the present gene pool for selection of diverse parent cultivar and to broaden the germplasm base in the future for the sustainable management of the genetic resources of rice crops. Hence, the present study was taken to understand the genetic variability and relatedness among five varieties of rice cultivated in Kerala using morphological characteristics and SDS PAGE profiling. The seeds of five rice cultivars were collected and pot experiment was conducted for obtaining the morphological data of the 5 rice varieties. All computations of the morphological data were carried out using the software ClustVis, a web tool used for visualizing clustering of multivariate data using Principal Component Analysis (PCA). Scatter plot obtained through Principle Cordinate Analysis showed morphological cohesiveness among the improved varieties, Jaya and Uma while all the traditional varieties, Odachen, Chennellu and Vetteri Black clustered far apart which shows its genetic distinctness. Seed storage protein has been used as genetic markers in analyzing genetic diversity with and between species, plant domestication in relation to genetic resource conservation and breeding etc. Protein profiling was done using SDS PAGE and a UPGMA dendrogram was generated. Out of the six bands obtained two were unique for the improved cultivar, Jaya and one was absent for Uma, while the traditional cultivars showed no difference between their banding patterns. Thus the variation showed by the improved cultivars may be due to the effect of the selection procedures which made them improved and evolved rice variety.
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